Cystatin SN, a specific cysteine protease inhibitor, is thought to be involved in various malignant tumors. Therefore, we evaluated the role of cystatin SN in hepatocellular carcinoma (HCC). Notably, cystatin SN was elevated in tumorous samples and cells. 
unclear. Therefore, it is imperative to further unravel the unknown molecular mechanisms of HCC.
Cystatin SN (CST1) is a specific inhibitor of cysteine proteases.
Various research have inferred that CST1 acts as an imperative role in inflammation and tumorigenesis. For instance, Upregulation of CST1 promotes gastric carcinoma cells proliferation and inhibits cathepsin activity (Choi et al., 2009) . Moreover, raised CST1 expression promotes malignant progression of breast carcinoma and forecasts a poor prognosis (Dai et al., 2017) . In colorectal cancer and pancreatic cancer, CST1 is considered as a new tumor biomarker (Jiang, Liu, Liu, Tan, & Wu, 2015; Kim et al., 2013; Yoneda et al., 2009 ). Meanwhile, CST1 may be used as an independent prognosis factor for patients with esophageal cancer surgery (Y. F. Chen et al., 2013) . However, the roles and mechanisms of CST1 in HCC have not been clarified. Accordingly, in this study, we used microarray analysis (G. Yang et al., 2016) to verify the expression profile of CST1 in HCC. We then explored the role of CST1 in the promotion of HCC, both clinically and experimentally. Overall, our outcomes displayed that CST1 was upregulation in HCC. High CST1 expression promoted HCC cells proliferation, migration, and invasion, thereby leading to poor prognosis.
| MATERIALS AND METHODS

| HCC sample collection
The samples of HCC specimens and their matched samples were 
| Culture conditions and HCC cells
Human normal hepatic cells, (L02, chang) and HCC cells HepG2, Huh7, SMMC7721, MHCC97L, MHCC97H, Sk-Hep-1, and HCCLM3 were obtained from the Chinese Academy of Science (Shanghai, China) and Liver Cancer Institute. SMMC7721 were cultivated in Rosewell Park Memorial Institute (RPMI)-1640 medium (Thermo Fisher Scientific, Waltham, MA) , and the other cell lines were maintained in Dulbecco's modified Eagle medium (DMEM; Thermo Fisher Scientific). All medium contained 10% FBS (Thermo Fisher Scientific). The cells were cultured in an incubator (37°C, 5% CO 2 ).
| Immunoblotting analysis
Immunoblotting assays were executed following our previous study (Han et al., 2017) . Briefly, the protein sample was loaded, separated, and transferred to NC membranes, then blocked at 25°C for 1 hr, and incubated with anti-CST1 antibodies (1:1,000; Novus Biologicals, Littleton, CO) or anti-glyceraldehyde phosphate dehydrogenase antibodies. Horseradish peroxidase-conjugated secondary antibodies were used at 25°C. After sufficient washing, protein blots were detected.
| Immunohistochemistry
Immunohistochemistry was executed as previously described (G. Yang et al., 2016) . Tissue sections and adjacent tissue and tumorous human microarrays of liver tissue (BC03119a) were incubated with CST1 monoclonal antibodies (1:100; Novus Biologicals) for 12 hrs at 4°C, whereafter added with secondary antibody (1:200; Sigma-Aldrich, Darmstadt, Germany).
| Polymerase chain reaction (PCR)
PCR was executed as previously described (Zheng et al., 2014) .
PureLink™ RNA Kit (Thermo Fisher Scientific) was used to extract total RNA from tissues and cells. High Capacity cDNA Reverse Transcription kit (Thermo Fisher Scientific) was applied for reverse transcription.
| Cell counting kit-8 (CCK8) experiment
CCK8 was executed as previously described (Zheng et al., 2010) .
Cells in log-phase growth were inoculated in 96-well plates at a concentration of 5 × 10 3 cells/well, and cultured overnight in DMEM for attachment. Cell viability was measured with CCK8 reagent (CK04-01; Kyushu, Japan).
| Colony formation assay
Cells in log-phase growth were inoculated in six-well plates at a concentration of 1,000 cells/well, and cultured for 14 days, then settled in methanol for 20 min, and stained with 1% crystal violet in methanol for 20 min. Finally, the plates were captured and then calculated the colonies.
| Scratched wound assay
Scratched wound assay was executed as previously performed (Li et al., 2016) . Cells in log-phase growth were cultured in six-well plates and grown to convergence. Next, rinsing the cells with polymerase chain reaction (PBS) three times, and a wound in the monolayer was made by scratching the well with a 10-μl pipette tip.
Pictures were photographed at 0 and 24 hr on a microscope (Nikon, Tokyo, Japan).
| Transwell experiment
Transwell experiment was executed followed by our previous study 
| Immunofluorescence assay
Immunofluorescence was executed as previously described (Lan et al., 2018) . Cells in log-phase growth were inoculated on cover glasses and cultured overnight in DMEM for attachment. Then, settled in 4% paraformaldehyde for 15 min. Next, permeabilized the cells for 30 min in 0.5% Triton X-100 at 25°C for 30 min, then incubated with special primary antibodies at 4°C overnight, whereafter incubated with fluorescent secondary antibody (Thermo Fisher Scientific) for 60 min at 25°C, and rinsed three times. Finally, the cells were counterstained and pictures were photographed.
| Tumor-bearing mouse model
Male BALB/c nude mice (4-6-week old) were obtained from the experimental animal center of Shanghai Institute (Shanghai, China).
To establish an orthotopic HCC mouse model, 4 × 10 6 cells dissolved in PBS were inoculated subcutaneously into each flank of the nude mice. After 1 week, the subcutaneous neoplasms were resected and diced into 1 mm 3 cubes, then implanted into the livers (left lobes).
Tumors were resected after 4 weeks, and their sizes were measured.
To establish a metastasis model 3 × 10 6 cells were inoculated into the tail veins of each mouse. After 8 weeks, the mice were euthanized, and their lungs were resected. The procedures were executed followed by the protocols authorized by the Institutional Animal Care and Use Committee of Harbin Medical University.
3 | RESULTS Moreover, when quantitatively evaluating CST1 expression based on intensity of staining as previously reported (Furukawa et al., 2015; Yamamoto et al., 2017) , among 75 patients with HCC, 49 (65.33%) patients showed low expression of CST1, and 26 (34.67%) patients had high CST1 expression.
| CST1 expression was increased in HCC tissue
| Upregulation of CST1 was linked to clinicopathologic parameters and predicted dismal prognosis
To explore the relationship between CST1 and parameters of clinicopathological, we concluded the clinicopathological features of 75 patients with HCC. As shown in Figure 1i ) and recurrence-free survival (RFS; Figure 1j ) for HCC patients after surgery. The univariate and multivariate analysis exposed that high level of CST1 (p = .046), advanced TNM stages (p = .032), and lymph node invasion (p = .030)
were independent prognostic factors for overall survival (Table 2) . On the whole, these data suggested that CST1 act as a crucial role in HCC progression and might play as a promising prognosis factor.
| Expression of CST1 in HCC cell lines
To confirm the findings from HCC tissues in vitro using HCC cell lines,
we performed western blot analysis on Huh7, HepG2, SMMC7721, 
| CST1 promoted HCC cell proliferation and carcinogenicity
To examine the effects of CST1 on growth and carcinogenicity of HCC cells, CCK8 assays and colony formation assays were applied. As expected, overexpression of CST1 stimulated Huh7 and HCCLM3 cell proliferation ( Figure 2c ). Inversely, knockdown CST1 had the opposite effects. Colony formation assays showed the same outcomes (Figure 2d ).
| CST1 facilitated HCC cell migratory and invasive potential
To examine the effects of CST1 on HCC cell migration and invasion, The epithelial-mesenchymal transition (EMT) has a vital function in cancer metastatic properties; hence, we explored the influence of CST1 on EMT. Our outcomes displayed that E-cadherin expression was inhibited by CST1 overexpression. In contrast, silencing of CST1 expression caused the opposite effect (Figure 3c ). Immunofluorescence analysis also confirmed these results (Figure 3e ). Many pathways have been reported to be involved in the EMT, such as Wnt/β-catenin and PI3K/AKT signaling (Lan et al., 2018; C. Wang et al., 2015) . Thus, we examined the expression and activation of AKT. Immunoblotting analyses displayed that the expression of phospho-AKT increased and decreased after CST1 overexpression and silencing, respectively, but that total AKT levels were unchanged (Figure 3d ). These results displayed that CST1
could promote HCC metastatic properties through the EMT, and the PI3K/AKT signaling might be involved in this progression.
3.6 | PI3K/AKT signaling is involved in CST1-caused HCC progression
To investigate whether PI3K/AKT signaling was involved in HCC progression. We blocked PI3K activity with LY294002 and 
| CST1 expression promoted HCC tumor growth and metastasis
To further explored the influence of CST1 on the HCC tumor growth, we used stable expressed exogenous CST1, HCCLM3-CST1 cells, to construct an orthotopic tumor-bearing mouse model. After 4 weeks, the volumes and weights of the tumor were increased in HCCLM3-CST1 group than those in the control group (Figure 4a,b) . Moreover, immunohistochemical analyses showed that the orthotopic tumor tissues expressed higher levels of Ki-67 in the HCCLM3 overexpression group compared with that in control group (Figure 4c ).
Next, we injected the stably transfected HCCLM3 cell line into nude mice through the tail vein so as to examined the effect of CST1 on tumor metastasis in vivo. Necropsies conducted after 8 weeks revealed a significant increase in metastatic modules in CST1-overexpressing nude mice than that in control mice (Figure 4d ).
Furthermore, western blot analysis showed that E-cadherin expression was decreased and phospho-AKT, but not total AKT, was boosted in the metastatic nodules from the lungs, in the HCCLM3 overexpression group relative to those in the control group (Figure 4e) . Conversely, infection of HCV, heavy drinking of alcoholic beverages, and many chronic diseases act as an imperative role in low-incidence areas (McGlynn, Petrick, & London, 2015) . Of the two viruses that caused HCC, HBV accounts for nearly 75% of virus-associated HCC, whereas HCV accounts for 15-25% (Perz, Armstrong, Farrington, Hutin, & Bell, 2006) . Cysteine proteases are proteolytic enzymes. They are widely expressed in human organs and have a variety of functions, including inflammatory tissue lesion, immune response regulation, monocyte induction, and enhanced the migratory capacity of cancer cell et al (Koblinski, Ahram, & Sloane, 2000; Lah, Babnik, Schiffmann, Turk, & Skaleric, 1993) . Furthermore, lysosomal cathepsins may also activate several important signaling pathways in cells, resulting in cell death.
Under the circumstances, these proteolytic enzymes serve as tumor suppressors (Pišlar, Perišić, & Kos, 2015; Vasiljeva & Turk, 2008) . The cystatin superfamily, which including Stefins type 1, CSTs type 2, and kininogen, are cysteine protease inhibitors and have been shown to specifically inhibit the proteolytic activities of cysteine protease (Barrett, 1986) . CSTs, type 2 CST superfamily, includes CST1-5, CSTP1, and CSTP2, in which CST1 encodes a secreted protein named cystatin SN (Koblinski et al., 2000) . Type 2 CST genes are physically clustered at human chromosome 20p11.2 (Dickinson, Zhao, Thiesse, & Siciliano, 1994; Thiesse, Millar, & Dickinson, 1994) , are widely distributed throughout nature (Henskens, Veerman, & Nieuw Amerongen, 1996) . The proteins encoded by these genes typically include a secretory leader peptide.
In our research, we explored the role of CST1 in HCC. The data indicated that CST1 was overexpressed in HCC samples and HCC cells than that in paired noncancerous samples and normal liver cells (L02 and chang), respectively. Additionally, immunohistochemistry showed that CST1 was localized in the cytoplasm, and elevated CST1 level was associated with tumor diameter and TNM stage and predicted a poor prognosis. Notably, however, lymph node metastasis only showed a tendency to be correlated, which may be related to the insufficient number of samples, and we believe that future multicenter studies with larger datasets may yield clearer results. Moreover, Kaplan-Meier curves indicated that patients with high CST1 level had worse OS and RFS than those with low CST1 level. Finally, we also found that CST1 acted as a crucial role in many malignant biological behaviors of HCC cells, including HCC cell viability, carcinogenicity, migration, and invasion, both in vivo and in vitro. Therefore, the results supported CST1 as a new prognostic marker for predicting HCC prognosis and latent novel target for HCC treatment.
The mechanism through which CST1 contributes to cell progression remains unclear. The EMT is imperative for many physiological and pathological processes, such as embryogenesis, tissue regeneration, and so forth (Kalluri & Weinberg, 2009; Thiery & Sleeman, 2006; J. Yang & Weinberg, 2008) . Importantly, we found that upregulation of CST1 dramatically facilitated cell progression via inducing the EMT through the PI3K/AKT signaling. This pathway is often dysfunctional in cancer and acts as a crucial role in modulating cell processes that are characteristic of carcinoma (Thorpe, Yuzugullu, & Zhao, 2015) .
Additionally, mutations that activate these enzymes have often been detected in human carcinoma, thereby leading to cancer growth.
PI3K converts PIP2 to PIP3 on the plasma membrane and subsequently phosphorylates and activates AKT (Alessi et al., 1997; Stokoe et al., 1997) . Following AKT activation, AKT phosphorylates several downstream effectors, a pathway that regulates a variety of biological processes in different types of cancer, and its excessive activation leads to abnormal cell cycle progression, proliferation, migration, invasion, altered adhesion and motility, inhibition of apoptosis, and induction of angiogenesis (Fruman et al., 2017; Manning & Cantley, 2007) . Several publications have showed that PI3K/AKT signaling is involved in mediating the progression of HCC (Samarin et al., 2016; R. Y. Wang et al., 2013) , and is involved in oncogenesis of various malignancies of the digestive system (Z. Chen et al., 2019; Gao et al., 2017; . In our outcomes, LY294002 was used for rescue experiments. When HCCLM3-CST1 and Huh7-CST1 cells treated with LY294002, the growth and metastatic properties of these two cells were partly reversed. This consequence suggests that PI3K/AKT signal is involved in CST1-induced HCC progression.
In conclusion, we demonstrated the role of CST1 in promoting malignant biological behaviors (proliferation, migration, invasion, etc.) in HCC. However, how does CST1 regulate the progression of HCC through PI3K/AKT signaling and how to induce the occurrence of EMT are a series of problems, which still need further studies to investigate the potential mechanism of CST1's involvement in the occurrence of HCC.
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